Abstract: Best available descriptions of malaria incidence and mortality dynamics are important to improve and evaluate the implementation of programs to monitor (e.g., remote sensing) and control disease, especially in endemic zones. High-frequency (e.g., semi-annual and seasonal) cycles in malaria incidence have been observed in various countries and they coincide with cycles in the natural environment (e.g., temperature, heliogeophysical activity, etc.). However, neither trend nor cyclical oscillations beyond a 6-month (0.5-year) period for this vector-borne disease were reported in a recent analysis on monthly notifications in Burundi for the years 1997-2003. Since the examination of graphical plots indicated an eventual existence of trans-year (multiannual) variations, we further analyzed the same data in more detail. Here we explore whether low-frequency cycles (beyond seasonality) might exist (e.g., trans-year cycles with periods of 13-24 months or longer). Monthly incidence rate per 100 inhabitants from the Province of Karuzi, Burundi, over the years 1997-2003 was analysed. The exploration of underlying chronomes (time structures) was done by linear and non-linear parametric regression models, autocorrelation, spectral analysis (e.g., fast Fourier transforms) , periodogram regression analysis (PRA) and wavelet transform (WT). By using a periodogram regression analysis, we describe a multicomponent cyclic chronome with periods T>12 months (19 and 86 months, all at P<0.05). Notably, the strongest cyclic pattern in the periodogram of the detrended malaria rates (whereas the peak was suppressed and beyond the semi-annual cycle of 6 months) was ≈1.5-1.6 years (T=19.0 months, R=0.32). A dynamic pattern of "shortening" of the length (period) of the cycles was observed during the pre-epidemic interval (from 8-9 to 5-6 months and from 20-22 to 16-18 months in years 1997-2000) that can be used to anticipate a forthcoming incidence increase and epidemic levels of malaria at a regional level. Indeed, these cycles in malaria incidence correspond to cyclic components of heliogeophysical activity (HGA) such as the sunspot cycle impulses of 0.5-2.0 years as well as the quasi-biennial solar magnetic cycle of 1.5-2.5 years and further, detailed analyses are warranted to investigate such relationships. A multicomponent dynamic cyclical pattern of malaria incidence variations in Burundi (1997Burundi ( -2003 exists thus allowing further, more specific analyses and modelling as well as correlations with similar environmental cycles to be explored. These results might also contribute to better estimates for forecasting, prevention and understanding of malaria dynamics and aetiology.
Introduction
Previous studies of malaria incidence and incidence rates across different countries have suggested the existence of high-frequency, also known as intrannual and seasonal or annual cycles [1, 2] and some of these have been associated with the influence of cyclic factors from either the mosquito/transmission patterns or natural environment, or both [3, 4] . For example, seasonality of rainfall, minimum temperature and irrigation are associated with seasonality in the entomological inoculation rate (EIR) [3] . Annual or seasonal cycles (seasonality) is a regular dynamic characteristic in a time series with 1 peak and 1 fall over 12 months . A good example is the seasonality in the surface temperature in the Northern hemisphere for 1 year -it has only 1 peak in a summer month and only 1 fall in a winter month. The same peak occurs again in the same summer month in the following year (the cycle has a period of 1 year). Sometimes "annual" is used interchangeably with "seasonal" also because each season (e.g., Spring) happens once and only once in 12 months. Intra-annual cycle means the same as above, however, the period of such cycle is shorter than 1 year (i.e., period of 9 months, 5 months, etc.). A good example of an intra-annual cycle is a semi-annual cycle, with a period of 6 months (2 cycles with 2 peaks over an interval of 12 months).
Best available descriptions of malaria incidence and mortality dynamics are important to better plan and evaluate the implementation of programs to monitor and control disease, especially in endemic zones. For instance, a predictive density map for the adult population of the potential malaria vector Anopheles hyrcanus in France is a good illustration of such approach. This map on Figure 6 in a publication from the International Journal of Health Geographics in 2008 (online only at doi: 10.1186/1476-072X-7-9) is derived from a satellite imagery where the distribution area of the species includes the breeding sites and their surroundings. Certainly, if produced monthly, such maps might also depict cyclical, e.g., seasonal changes in the density dynamics. Interestingly, not all of the malaria time series, beyond their underlying seasonality, have clearly defined long-term (multiannual) linear trends of incidence and, even so, it could not be easily forecasted by linear trend analysis due to the presence of a high level of variability or volatility. The variations around linear trends or mean values may show regular patterns and thus be exploited in modelling and forecasting -for example, derivation of future estimates and their 95% confidence intervals. Due to its wide spread patterns, especially in some endemic zones, the malaria incidence and its temporal occurrence is of high public health and socio-economic importance. Better forecasting of temporal variations of malaria epidemics and their peaks, with eventual recommendations for more adequate allocation of resources, are invaluable for national health systems. An effective forecasting model is especially important in terms of early identification of increased risk, potentials for early treatment of first cases of an emerging epidemic as well as of exploration of risk factors or triggers that may have eventually contributed to the appearance and spread of such epidemics.
Possibly, as mentioned above, triggers to the increases and/or cyclical variations in the malaria incidence may be such factors of natural environmental origin as interrelated physico-chemical processes (e.g., solar wind, solar magnetic activity, etc.) and irradiations of climatic or cosmic/space/solar or earth origin (e.g., low-energy cosmic rays from the Sun, high-energy galactic cosmic rays, solar radio flux (at 10.7 cm wavelength), etc.). The dynamics of these factors show clear cyclical patterns with fluctuations of their amplitudes at various frequencies, for example, from hours, days to months, years and tenth of years. Such natural environmental influences may be denoted by the common term of "heliogeophysical activity" (HGA) which is mainly represented by such phenomena as sunspots activity and geomagnetic fluctuations. However, it may also refer to a number of other photic or non-photic events, for instance, solar UV radiation, solar wind, solar radio flux (at 10.7 cm wavelength), ozone variations, earth-ionosphere cavity or Schumann resonances [5, 6] , all of them indicated or described by quantitative parameters or indices as sunspot Rz-index, geomagnetic aa-index or ozone concentration. Most of these components or indices exhibit an established seasonality, but their chronomes are often multicomponent, with near trans-year, i.e., periods of 12-24 months or far-trans-year, multi-annual cycles such as the 11-year cycle of the sunspot Rz-index which has been a consistent observation over hundreds of years [5] [6] [7] . However, whether or not such cyclical patterns in the malaria incidence and heliogeophysical activity are interconnected remains unknown.
Interestingly, a recent analysis by Gomez-Elipe and collaborators [2] on monthly malaria notifications in the province of Karuzi, Burundi, at latitude >3°S (n=60 months, from 1997 to 2001) has shown neither trend nor periodic oscillations beyond a 6-month or 0.5-year, intraannual period. Owing to environmental interactions, it is not unlikely that seasonal, 12-month variation in malaria may be damped by frequent rainfall or irrigation practices [3] but, irrespectively, inter-annual (transyear, multiannual) cyclicity might persist and eventually be described. Indeed, our own preliminary analysis [8] on the same time series dataset from Burundi (n=60 months) has indicated that beyond the 6-month cyclicity and, eventually seasonality, a multicomponent inter-annual cyclic pattern with longer periods (e.g., 17.5-18.0, 27.5 and 65.0-65.5 months) might exist.
Beyond the particular approach in these previous studies on the malaria incidence in Burundi [2, 8] , other more specific and accurate quantitative approaches in analysing and modelling the malaria incidence are needed [9] [10] [11] [12] [13] [14] [15] [16] . Malaria dynamics and climate forcing may play complementary and interacting roles at different temporal scales. In particular, climate forcing is defined as the Earth's climate changes when the amount of energy stored by the climate system is varied. The most significant changes occur when the global energy balance between incoming energy from the Sun and outgoing heat from the Earth is upset. Other examples include fluctuations in the Earth's orbit, variations in ocean circulation and changes in the composition of the Earth's atmosphere. In recent times, the latter has been evident as a consequence not only of natural processes but also of man-made pollution, through emissions of greenhouse gases. By altering the global energy balance, such mechanisms "force" the climate to change. Such "climate forcing" mechanisms like the variations in the Earth's orbit around the sun (e.g., "Milankovitch forcing") affect the distribution of solar energy around the globe, resulting in changes of seasonality and climate (for example, see online at www.ncdc.noaa.gov/paleo/forcing.html). Thus, these mechanisms and temporal relationships should not be viewed as alternative and their interactions need to be integrated in the development of future predictive models. Such methods, with minimal requirements for a specific algorithm and 95% confidence intervals for the derived estimates and statistical parameters [10] [11] [12] [13] should be the following: (1) Description, analysis and decomposition of temporal dynamics; non-linear regression modelling of periodic mode over time; and derivation and forecasting of cyclical estimates; and (2) Linear and non-linear regression modelling of independent variables (e.g. HGA) with deterministic temporal patterns (seasonality, cyclicity, etc.). Currently, the relationship of HGA cycles to malaria incidence dynamics is of increasing importance in the view of the last 11-year solar cycle No.24 that has started on 4 th January 2008 (www.physorg.com/news119271347.html).
The aim of the present study was (i) to confirm intra-annual cyclicity and/or seasonality (annual cyclicity) in the temporal dynamics of monthly malaria incidence in Burundi for the years 1997-2003; (ii) to reveal multicomponent trans-year (infra-annual, multiannual) cycles and their eventual relationships with seasonality; and (iii) to consider malaria incidence cyclicity for similarities to and associations with main heliogeophysical cycles.
Experimental Procedures

Sources and description of time-series datasets
The time series dataset consisted of monthly incidence of malaria (ICD-9-CM, Dx:084) in the Province of Karuzi, Burundi as published by Gomez-Elipe and collaborators [2] . For the purpose of this report, the incidence rates of malaria per 100 inhabitants, also denoted as "monthly malaria notification rates" (MMNR) were considered ( Table 2 and Table 3 in Gomez-Elipe et al. [2] ). The incidence consisted of all new cases defined as "case of malaria is a patient seeking medical attention with fever over 38°C and no signs of acute respiratory infection, urinary infection, otitis, meningitis, measles or abscesses" for monthly notification purposes. The original datasets were present as observed and estimated incidence rates. The total malaria incidence data covered the period 1997-2003 (n=7 years or 84 months). Table 1 . Complex statistical approach to model cyclic patterns in malaria monthly incidence time series.
Statistical analyses and methods Purpose 
Wavelet transforms (WT)
WTs more efficiently describe the time-frequency distribution of variations, i.e., the change in power over time. By Morlet mother wavelet algorithm, the two-dimensional continuous WTs are able to separate and sort underlying structures of different time scales and to analyse the time evolution of variability. In particular, WTs are aimed at detecting and analysing the pattern (dynamics) of cycles that change their frequencies/periods in time, i.e., fluctuating or dynamical cycles (Figure 4) 
Statistical analyses
Different statistical methods for time-series analyses and modelling were used, according to the algorithm illustrated in Table 1 . Initially, a descriptive statistics with linear and non-linear regression modelling over time were used (trend analyses, with Student's t-test statistic at P<0.001). As a second step, autocorrelation (with 95% confidence interval levels and standard errors as white noise estimates) and Fourier spectral analyses were applied to examine whether the variations from the trend (regression line) may exhibit cyclical patterns ( Figure 1 and Figure 2 ). The "white noise" may be defined as a random signal (or process) with a flat power spectral density. In other words, the signal contains equal power within a fixed bandwidth at any center frequency. "White noise" draws its name from white light in which the power spectral density of the light is distributed over the visible band in such a way that the eye's three color receptors (cones) are approximately equally stimulated. A signal can be "white" with a flat spectrum over a defined frequency band. Additionally, an advanced spectral analysis (Fast Fourier Transform, FFT) with derivation of unsmoothed periodogram and smoothed spectral density estimates by a Bartlett window (not shown) was used. "Bartlett window", as used for smoothing, is the shape of a spectral window for which the weights of the upper half of the window are computed as Wk = Fp(2*p i *fk), for k=0,...p, where p is the integer part of half the span, and Fp is the Fejer kernel of order P. The lower half is symmetric with the upper half (in this case the window span = 3). As a third step, a periodogram regression analysis (PRA) with determination of the exact cycle length (period T) was applied [9] [10] [11] 17] . PRA was successfully applied in studies on helioepidemiology of various types of infectious diseases and cancer, as previously described in more details elsewhere [9, [17] [18] [19] . In particular, a range (spectrum) of the linear coefficients R is constructed against each of the tested periods T (months) representing the so called "periodogram" (e.g.,"regression correlogram") of the time series, i.e., power in the period domain ( Figure 3 ). The PRA, whether using basic (original) or detrended time series, also allows a description of the so called "hypercycles" on the periodogram (the length of their period T H exceeds the length of the analysed time series set) [20] . The detrending may be defined as a procedure by which the main trend (tendency) of a time series is removed and the time series becomes then, in fact, detrended. One such example of detrending is the removal of the linear trend and a derivation of a time series that is detrended -for example,
where y i are observations at moments x i , a is intercept of the linear regression and k is slope of the regression.
Sometimes, when the long-range, low-frequency cycle may represent, or be related to the main linear trend, the procedure of decycling (removing the cycle) may also be considered similar to the procedure of detrending. Such detrending procedure (directly removing the trend) is obligatory before some of the specific methods for the analysis of cyclicity is applied (e.g., Fourier analysis). Since it is possible that the hypercycles represent or are closely related to the long-term linear or non-linear trends, the time-series can be decomposed and these can be further removed by "de-cycling" (i.e., detrending) or may be included in modelling and reconstructing estimates by trigonometric approximation when indicated to improve the forecasting power of cyclical models [17, 20, 21] . The trigonometric approximation, on its own, is a type of a model approximation to original time series or, in other words, it is a fitting of original time series by a cyclical statistical model (described by a trigonometric function). This is similar to a linear approximation which is actually a fitting of original data by a linear model. The software SPSS ver.15 and STATISTICA Ver.6 were used as well as a specialised package "6D-STAT" (http://www. astro.bas.bg/~komitov/dataproc.htm) as provided by B. Komitov (Bulgaria).
Finally, a wavelet transform (WT) analysis [13] [14] [15] 22 ] was applied to further explore the evolution of variability (frequency, periods) over time (Figure 4) . The twodimensional continuous WTs were calculated from the time series to represent the change of spectral power (time-frequency distribution of variations) and describe structures of different time scales by the application of Morlet mother wavelet. This function is symmetric and very useful in identifying regions of maximum/minimum curvature [22] .
Results
Trend, simple Fourier and autocorrelation analyses
Descriptive analyses have shown that malaria incidence in the Province of Karuzi, Burundi, has mainly remained stable, except for peak in December 2000. However, the linear regression model of the trend has been able to explain only about 23.3% of the variations over time ( Figure 1A ). It has been postulated, therefore, that the temporal distribution of malaria incidence (beyond semi-annual or, eventually, annual cyclicity [2] ) is most likely non-stationary and may be better described and explored by other nonlinear functions with longer (lowfrequency, trans-year, multiannual) cyclical components. A summary of the main cyclical patterns and periodicities as identified and details for each of the different subsets are given in Table 2 .
To search for the existence of cyclical patterns in above variations, we have constructed and analysed the autocorrelograms of malaria incidence. In particular, the autocorrelation has suggested a near-trans-year cyclic pattern -peaks at 1, 9, 17 and 25 months ( Figure 1B) , that is a cycle of 16-18 months (1.5 years) on average (P<0.05). Because of the inherent limitations of this method (e.g., autocorrelations may be evidence only when low-frequency cycles are multiples of prevailing 6-month or other high-frequency components), we applied spectral analysis. The spectral method, when applied to the whole detrended time series (n=60 months, without the peak in Dec 2000), have indicated the existence of multicomponent cyclicity of about 6-8 and 20 months ( Figure 1C) . As a further step, in the view of above patterns, the whole time-series dataset may be divided in four shorter sub-sets: A) Jan 1997 -Dec 1998 (n=24 months, background levels); B) Jan 1999 -Oct 2000 (n=22 months, pre-peak or pre-epidemic); C) Nov 2000 -May 2001 (n=7 months of epidemic peak) and D) Jun 2001 -Dec 2003 (n=31 months, postepidemic). Notably, the spectral analysis indicated that the semi-annual (6-month) cycle was not stable in the first background sub-set A as it was 7.5-8.0 months or 0.66 years ( Figure 1D ) while somewhere about 15-20 months before the epidemic peak, this cycle "shortened" (increased in frequency) and its period decreased down to 5.5 months or 0.46 years (not shown separately). However, to make a more precise estimation of the cyclic patterns, an advanced variant of the spectral analysis, Fast Fourier Transform (FFT), was applied (Figure 2 ).
Fast Fourier Transform (FFT, with Bartlett window for smoothed density estimates)
To test the above conjectures and define more exactly the main existing cycles, we obtained spectral amplitudes (spectral periodograms) and smoothed density estimates (not shown) by FFT on malaria incidence dynamics (Figure 2 ). The unsmoothed periodogram of whole detrended dataset till Dec 2001 has described peaks in the window ranges of 6-9 months and 19-20 months ( Figure 2A ). As we suspected some relative suppression of short (high-frequency) cyclicity by the existing peak (Dec 2000), we analysed again only the first 46 months, till Oct 2000 ( Figure 2B ). Also, a hypercycle with a period T>84 months was suspected (not shown).
In this way, we have further confirmed that, irrespectively if the slightly increasing trend and existing peak, the cycles of about 6±2 and 18±2 moths are Table 2 . Cyclic patterns of malaria incidence in the Province of Karuzi, Burundi (1997 Burundi ( -2003 ). Figure 1C) . certainly specific periodic patterns in the time series dynamics of malaria incidence. The smoothed spectral density estimates (not shown) have also indicated the same type of multicomponent variability -semi-(intra)-annual and near-trans-year (infrannual) cyclical patterns (0.5 and 1.5-1.6 years). However, to further quantify and statistically support the above cyclical patterns, a periodogram regression analysis (PRA) and wavelet transforms (WT) were applied ( Figure 3 and Figure 4 , see Experimental Procedures for details).
* The semi-annual cyclic pattern was first mentioned in Gomez-Elipe et al. [2]; **These periodicities were considered as indicative for "hypercycles" -for more details on hypercycles see the text and Dimitrov et al. [19]. The analyses were performed after the peak was suppressed at a pre-peak level (before year 2000) with an exception for the interval 1997-2000 (n=46 months); ***Significant at P<0.05 (see
Periodogram regression analysis
To better quantify the dynamical patterns of malaria incidence in Burundi, we constructed periodograms of the cyclical patterns (i.e., spectra of correlation coefficients R or the so called "regression correlograms") ( Figure 3) . By using PRA, beyond the semi-annual cycles of 6 months, we described a main trans-year (infrannual) cyclic pattern with a period T=19 months in the malaria incidence dynamics in Burundi. The hypercyclical pattern of about 84 months as suspected above, may have been an expression of or, associated with an increasing long-term non-linear trend and it should be interpreted with caution. However, to control for influence of such, eventually existing linear or nonlinear (cyclic) tendencies on above near-trans-year cyclicity in the chronome (time structure), the peak was suppressed and the time series was detrended (linear trend was removed) -notably, this procedure confirmed the hypercycle which was with a period T H =86 months (i.e., the highest peak on the periodogram, Figure 3) . Notably, the strongest cyclic pattern in the periodogram of the detrended malaria rates remained with a period of »1.5-1.6 years (period T=19 months, R=0.32).
Wavelet transforms (WT) analysis
To more explicitly illustrate and further apply formal testing to the underlying main cyclical patterns in malaria incidence dynamics, we applied wavelet transforms ( Figure 4) . The series was detrended by a 4 th -order polynomial to better illustrate the existing periodicities. The wavelet scale could be considered equal to a Fourier-period of w 0 =6.2 in the mother wavelet (see [13] for more details). Such a Fourier spectrum allows to analyze strongly only periodic processes while in the case of quasi-periodic signals, it describes the average spectrum over the time only. As compared to the Fourier spectrum, the wavelet spectrum has the main advantage of providing information on both the existing periodicities and the exact time intervals during which these periods tends to occur. In particular, the WT analysis indicated that the 6-month cyclicity (semi-annual) is more powerful than the 18-month cyclicity (infrannual). During the years 1997-1998, the quasi-semi-annual cycle has a period of 8-9 months, in the pre-epidemic interval (1999) (2000) its period decreases to 5-6 months and, after the epidemic peak, it increases again back to 7-8 months.
The interannual cyclicity has also changed its average period -from 20-22 months to 15-16 months and back to 18-20 months, respectively.
In conclusion, we can summarise that, beyond the semi-annual (intra-annual, ultra-annual) high-frequency cycle of 0.50 years (6±2 months) in the monthly malaria incidence in Burundi (1997 Burundi ( -2003 , we have observed a new, near-trans-year cycle with a period of 18±2 months (1.5-1.6 years). It is interesting to mention also the effect of dynamic change in the period of above cycles (i.e., initial "shortening" with increase in amplitude, before the epidemic peak, and a restoration, thereafter) during the study period.
Discussion
Trend, autocorrelation and specific spectral, regression and wavelet analyses have shown clearly that cyclic patterns, beyond semi-annual cycle and, eventually, seasonality, may exist in the variations of time series of malaria incidence in Burundi over the years 1997-2003 (n=84 months). We have found initially that, although the extensive analysis and modelling, the usual linear models for the trends have explained only up to 23% of time series variations. The other 77% of the total variations remained unexplained, moreover, these remaining variations are likely to appear in cycles. Notably, the predominant cycles in the malaria incidence variations are with periods of 0.5-0.6 and 1.5-1.6 years.
Another interesting finding of the current study is the dynamic pattern of above cyclic oscillations, that is, a "shortening" of the length (period) of the cycles during the pre-epidemic interval (1997) (1998) (1999) (2000) . This change from 8-9 to 5-6 months as well as from 20-22 to 16-18 months, if monitored for and observed, may certainly be used as a warning signal and early clue to anticipate a forthcoming incidence increase and possibly, an epidemic peak in malaria incidence. Moreover, if such univariate time series modelling and forecasting would be supported with a forecast for a contemporaneous influence of environmental global or regional/local triggers (e.g., oscillations of alike cyclicity), such a system may clearly allow for early prediction of malaria epidemics at regional level (especially, if based on the near-transyear cycle of 1.5 years). The latter cyclical pattern is very appealing since a recent study [15] has also shown that, on the background of very strong annual cycle (seasonality) in both types, biennial (Plasmodium vivax) and triennial (Plasmodium falciparum) cycles in the weekly malaria incidence variations in Peru (1994-2006, n=12 years) have been observed thus confirming our finding of a quasi-biennial (≈1.5-year) cycle in monthly malaria incidence. Regarding the role for seasonality in malaria morbidity, another recent study on data from China [16] has elucidated the importance of intrinsic host-pathogen dynamics. The latter may have been expressed as a dependence of the peak incidence in the summer months (e.g., August) on the preceding peak in January-February thus suggesting a co-existence and a possible interplay of seasonality with a semi-seasonal pattern (i.e, 0.5-year cycle) as shown also in our study on the data from Burundi. Possibly, such dependence in China may have also been expressed as a "multiplier" of such semi-seasonal cycle and, under certain time scale conditions, it could have been detected also as a main, inter-annual (quasi-biennial or biennial) cyclical pattern as in Burundi or Peru.
Last but not least, such inter-annual cyclicity in malaria incidence rates in endemic areas with a period of 1.5 years may correspond to and be associated with known but rarely studied environmental cyclicity of 1.3-1.5 years in heliophysical activity (e.g., solar wind, solar magnetic activity, etc.). The solar (sunspot) cycle may consist of several impulses with periods about 0.5-2.0 years; notably, a high-frequency component of 1.5-2.5 years (quasi-biennial cycle) exists in the solar magnetic cycle [23] as seen during the 3-fold polar magnetic field reversals (i.e., separations of zones of alternated polarity of the magnetic field). The expressions of above magnetic activity and its influences on disease incidence and possibly transmission rate might be considered very similar across different countries for decades and possibly centuries (e.g, such far-reaching idea about eventual associations between "chills and fever" or other forms of "malarial disease", with "marked influence upon the nervous system", and the "spots on the sun" had been reported by The New York Times in April 1882 as "A valuable theory" as originally attributed to Dr Merritt).
In general, some of the earlier studies on malaria incidence dynamics have also postulated interesting patterns of cyclical appearance of the malaria incidence (peaks at specific points) along the 11-year sunspot cycle (Rz-index) in the 20-th century [5] . They have reported malaria peaks occurring in synchronisation with the solar maxima when analysing data from the former USSR during the years 1920-1950. Notably, if we assume that one of the main near-trans-year cycles in the malaria variations in Burundi is the cycle with period T=1.5 years, beyond the underlying semiannual cyclic pattern of 0.5 years, any other hierarchy of such infra-annual cyclicity with lower frequency (e.g., 10-11 years) may be considered as a "repetition" of this principal, common period appearing along the curve of the 11-year solar cycle. Indeed, for a given region, if the malaria incidence may oscillate in several transyear waves contemporaneously but in different phases, therefore, it is theoretically plausible that after a defined number of cycles (years) the semi-annual peak (within the particular year) may reach the highest possible level when all other close, shorter trans-year, minor epidemics waves (1.5-2-3 years) coincide. Such coincidence (i.e., phase-locked temporal occurrence) may certainly give rise to higher malaria incidence values, possibly expressing themselves with a major peak, similar to that as observed in Burundi in December 2000, i.e., as a part of a longer, infra-annual malaria incidence cycle with a period T of 10-11 years [5] . Unfortunately, within these conjectures here, we are not able to further elucidate whether such rises of major malaria epidemics, especially in endemic zones, are due to one single malaria vector or this is an appearance of more vector types simultaneously.
We cannot conclude on likely, HGA-related aetiological mechanisms of the malaria epidemic peaks, either, but if we consider several minor epidemic occurrences during one average 11-year solar cycle, one may postulate here a role HGA-associated factors that clearly fluctuates along the 11-year cycle with higher frequency [5, 6, 23] . To what extent, however, such neartrans-year patterns (e.g., 1.5-3.0 years) in the malaria incidence (in Burundi and/or Peru) are related or may interact with the main, 11-year cycle of solar activity is still largely unknown and represent an interesting research question to be addressed in more detail in further studies.
